HYPERTHERMIA, local and systemic, is receiving increasing attention as a possible form of therapy in cancer treatment, either alone or in combination with drugs or radiation. This interest derives from the demonstration of experimental tumour cure by hyperthermia (Crile, 1963; Dickson & Muckle, 1972; Hahn, 1974) and from evidence for the preferential sensitivity of hypoxic cells (Robinson et al., 1974; Dewey et al., 1977) suggesting the use of hyperthermia as a potentiator in clinical radiotherapy.
However, enhanced dissemination of the Yoshida sarcoma in rats has been reported (Dickson & Ellis 1974 , 1976 as a result of local heating at temperatures inadequate for complete tumour destruction. Yerushalmi (1977) failed to observe promotion of metastasis of the Lewis lung carcinoma by local heating, but noted earlier appearance of pulmonary metastases after total body hyperthermia of mice.
We have examined the response to hyperthermia of an infrequently metastasizing transplantable carcinoma in the C3H mouse, whose response to radiation has been described elsewhere (Wheldon et al., 1978) is compatible with this suggestion.
In our experience, there is a comparatively low incidence of distant metastases in mice whose primary tumours have been cured by large single doses of radiation. Thus, in a series of 131 mice whose tumours were locally controlled by radiation, only 14 died within 100 days, the incidence of death being very similar in mice whose tumours were clamped (to render them hypoxic) and in mice whose tumours were minimally restricted (Table I) Of these 14 autopsied mice, all were found to have pulmonary metastases and, in some cases, metastases at other sites. The break-down by anatomical site is shown in Table II. incidence of metastasis would be just over 10%. This is similar to the incidence of metastasis (8%) reported by Sheldon et al., (1974) for C3H mice locally cured by irradiation.
We have examined the response to local hyperthermia of this tumour. Using a water heater which transfers heat via a thin membrane, heat was administered to dorsal tumours, grown to 5-7 mm diameter, in unanaesthetized, mechanically immobilized mice. The tumour surface temperature was monitored throughout by a specially designed encapsulated thermocouple. A very fine thermocouple at the end of a needle probe was used to establish the typical intra-tumour temperature gradient ( sw0-050C/mm tissue); this invasive procedure was then used only as a routine check. Body-core temperature was monitored throughout with a flexible rectal probe, and was found not to increase by more than 1°C during local heating. A variety of time-temperature combinations was used, but locally curative regimes were confined to the temperature range 42-46°C and the time range 1-2 h.
At an early stage of these experiments, the occurrence of several unexpected deaths, at times well under 100 days after treatment, in mice whose tumours were locally controlled, prompted autopsy investigation of all such subsequent deaths. Mice whose physical condition was visibly deteriorating (in the absence of local recurrence) were also sacrificed and autopsied.
A total of 52 mice had their tumours locally controlled at 100 days, or time of death or sacrifice, if earlier. Of these 52 mice, 7 died unexpectedly prior to the instigation of routine autopsy and 14 were autopsied because of unexpected early death or physical deterioration. The one lymph node affected was embedded in metastatic tumour in brown fat and only the peripheral sinus was involved. This pattern suggests bloodborne rather than lymphatic spread.
Taking only proven metastases, the minimum rate for metastasis for mice whose tumours were locally controlled by hyperthermia is 14/52 or 27%, which may be contrasted with a maximum rate of metastasis (taking all unexpected deaths as due to metastases) of 14/131 or 11% for mice whose tumours were locally controlled by radiation. By the x2 test this difference is significant at a confidence level greater than 0-98 (P<0-02). Similar proportions of the tumours were clamped in both the irradiation and hyperthermia groups (25% and 27% respectively); these yielded similar proportions of metastases in each case (12% and 14% respectively) (Table III) . Hence, the difference between the hyperthermia and radiation groups overall cannot be attributed to clamping.
Likewise, the increased incidence of metastases in the hyperthermia group is not due to the use of an invasive procedure to check intra-tumour temperature in a few tumours (7), since none of the proven metastases occurred in this group. In summary, we find the rate of proven metastasis following locally curative hyperthermia to be more than double the most generous estimate of the metastasis rate following locally curative radiation. The clinical implications for therapeutic hyperthermia are self-evident.
The basic mechanisms involved in this effect are subject to ongoing investigation, as is the possibility that combination of radiation and hyperthermia may obviate the metastatic effect of heat alone. Since, in the present study, the hyperthermia treatment group has been compared with historical controls, an extensive prospective trial is now in progress. Meanwhile, caution is required in the use of local hyperthermia alone as a form of treatment of human cancer.
